Porous carbon materials were prepared at low temperatures via thermal decomposition of iron, nickel and cobalt N,N-diethyldithiocarbamates (DDT). X-ray diffraction data showed two peaks at 2θ (25.5° and 43.5°) that indicate the presence of graphite-like structures. Raman spectra displayed D and G bands in the range from 1312 to 1321 cm -1 and 1587 to 1593 cm -1 , respectively, which were fitted with 4 components. All spectra showed two low intensity D* (1190 cm ) bands, assigned to sp 2 -sp 3 bonds in disordered carbonaceous materials and amorphous carbon, respectively. Transmission electron microscopy images showed agglomerates of spherical particles formed by graphitic segments. The results showed that the carbon material obtained from iron N, N-diethyldithiocarbamate, Fe(DDT) 3 , is structurally better organized than the others and the pore size distribution curves confirmed that this material presents high degree of mesoporosity. Voltammetric curves obtained using KOH and H 2 SO 4 electrolytes showed hysteresis behavior typical of capacitors charge/discharge process. The carbon material prepared from Fe(DDT) 3 displayed the highest specific capacitance in acidic media, 59 F g -1 , which was associated to its high degree of mesoporosity.
Introduction
Different physical methods have been used to prepare carbon nanomaterials such as laser ablation, 1,2 arch discharge 3, 4 and combustion. 5, 6 Thermal decomposition of organic and organometallic precursors [7] [8] [9] has been presented as a viable alternative to physical methods which use harsh synthesis conditions and yield small amount of products. Different carbon-rich precursors are used to obtain these carbon nanostructures, which can be transformed into graphitic carbon materials of different sizes and shapes. Among these organic precursors, alkynes olygoine derivatives are good candidates due to their high chemical instability, which allows them to undergo different chemical reactions. 10 Various carbon precursors such as benzene, 11 sucrose 12 and phenol resin, 13 are also suitable for the synthesis of carbon materials. Similarly, the pyrolysis of organometallic precursors, such as cobalt acetylacetonate, 14 also yields carbon nanostructures presenting good electrochemical performance which depends on surface area as well as the porosity of these structures. The major problem associated with the method described above is the presence of encapsulated metals.
Porous carbon materials are excellent candidates for electrodes in supercapacitors. 15, 16 For these materials pore accessibility plays a significant role in the charge storage and the specific capacitance reaches a maximum value when the pore size matches the maximum electrolyte ion dimension. 17 For carbon nanomaterials the surface areas range from 300 to 600 m 2 g -1 and are responsible for electrolyte wetting and rapid ionic motions necessary for a satisfactory electrochemical performance. 18 Different methods have been used to increase the specific capacitance of these materials, such as the chemical or physical activation, which leads to an increase of their surface area, and also the decoration of their accessible external surface with redox active materials such as metal oxides and hydroxides. 19 It has been shown that three dimensional (3D) porous graphitic carbon provides good conductivity and porous structure which is formed by interconnected porous networks. These networks decrease the ion transport resistance and diffusion distances and also display large accessible surface areas. 20 In this work, carbon materials (CM) were prepared using thermal decomposition of iron, nickel and cobalt N,N-diethyldithiocarbamates (DDT) ethanolic solutions in nitrogen atmosphere. The solvent, ethanol, and the metal complexes were used as carbon source and the latter also worked as catalysts for the graphitization process. The advantage of the simplified synthetic route proposed is the use of low working temperatures and production of carbon structures with high degree of mesoporosity. The obtained materials were characterized by Raman spectroscopy, X-ray diffraction (XRD), N 2 adsorption measurements, X-ray photoelectron spectroscopy (XPS), thermogravimetric (TG) and derivative thermogravimetric (DTG) analyses, and transmission electron microscopy (TEM). The electrochemical behavior was studied by cyclic voltammetry (CV) in KOH and H 2 SO 4 aqueous solutions.
Experimental

Synthesis of metal complexes
For the syntheses of iron(III) N,N-diethyldithiocarbamate (Fe(DDT) 3 ), nickel(II) N,N-diethyldithiocarbamate (Ni(DDT) 2 ) and cobalt(II) N,N-diethyldithiocarbamate (Co(DDT) 2 ), the following metal salts were used:
.100 g). The metal salts and NaDDT were both diluted in ethanol (16 mL) and distilled water (4 mL). The solutions were kept under stirring for 60 min at room temperature. The obtained solids were filtered and washed with ethanol (200 mL), acetone (200 mL) and distilled water (500 mL). Finally, the solids were dried for 2 h at 60 °C.
TG/DTG analyses of the prepared metal complexes were carried out in Shimadzu model TG 60H equipment with 10 °C min -1 heating rate under 50 mL min -1 air flux in order to determine their decomposition temperatures.
Synthesis and characterization of carbon materials
Ethanolic solutions (25 mL) of each metal complex (25 mg) were prepared and placed in a plastic syringe (22 mL and 19 mm diameter) coupled to a quartz tube. This tube was put in a tubular furnace in which the solutions were slowly introduced. The thermal decomposition experiments were carried out at 700 °C under nitrogen flow (10 mL min -1 ) for 180 min. The final materials were collected from the tube walls and three samples were obtained, CMFe, CMNi and CMCo derived from Fe(DDT) 3 , Ni(DDT) 2 and Co(DDT) 2 , respectively. XRD patterns were acquired using Shimadzu XRD 7000 diffractometer with CuKα radiation, scanning rate 0.01° min -1 . TG/DTG measurements were performed under the same conditions as above. Raman spectroscopy measurements were carried out in Senterra Bruker equipment with CCD (charge-coupled device) detector. The samples were excited with 633 nm laser (2 mW power output). Raman spectra are the average of five spectra obtained with 10 scans each and 10 s counting time per point. Peak analysis was carried out after subtraction of background by using a linear baseline function, and peak fitting was then performed using Voigt functions to find the peak contribution of amorphous and graphitic carbon to the broad G band. [21] [22] [23] In order to avoid the influence of amorphous carbon with different particle sizes on D band broadening, the I D /I G ratio was calculated using the intensity (I) instead of area of Raman peaks as discussed in the literature. 24 XPS measurements were carried out in ultrahigh vacuum chamber (base pressure lower than 2.0 × 10 9 mbar) using a monochromatic Al Kα X-ray source with output power set at 350 W and a SPECS hemispherical electron energy analyzer PHOIBOS 150 MCD. Survey and high-resolution spectra were recorded with band pass energies of 50 and 40 eV, respectively. The scans were acquired using a flood gun emission current of 0.8 µA for a charge compensation. For these measurements, a thick layer (0.5 mm) of the samples was impregnated on a carbon tape in order to ensure that C1s signal from this tape did not interfere with sample spectrum. CasaXPS program 25 was used to analyze all XPS data. Scanning electron microscope (SEM) images were acquired using FIB-Quanta 200 microscope with 30 kV secondary and backscattered electron detectors. The samples were dispersed in acetone and deposited on a silicon wafer by evaporation. TEM images were acquired in a TEM-FEI G220-FEI2006 model at 200 kV. For these analyses the samples were dispersed in acetone in ultrasonic bath and dripped in a holey carbon film on 200 mesh copper grid. Nitrogen sorption analysis was carried out using an AutosorbQ equipment (Quantachrome) at -196 °C in the relative pressure (P/P 0 ) range of 3.38 × 10 -2 to 1.0. Prior to the analysis the samples were outgassed at 200 °C for 12 h under vacuum conditions. Cyclic voltammetry measurements were performed using Autolab PGSTAT128N equipment. 1.0 mg of each sample was dispersed in 200 µL ethanol and 10 µL Nafion ® in ultrasonic bath for 5 min. Next, 10 µL of the generated dispersion was deposited onto a carbon glassy electrode with 0.166 cm 2 area. Cyclic voltammograms were acquired using a voltage window from 0.5 to -0.5 V for basic media and from 0.0 to 1.0 V for acidic media at scan rates of 10, 50, 100 and 200 mV s -1 . The measurements were carried out using Hg/HgO reference electrode and graphite as counter electrode in a KOH aqueous solution (0.1 M). The voltammograms were also acquired in a H 2 SO 4 aqueous (1.0 M) using Ag/AgCl reference electrode. In order to saturate the solution with oxygen, this gas was introduced in these solutions during 5 min. The values of specific capacitance were calculated with Metrohm Autolab B.V. software (version 1.10).
Results and Discussion
TG/DTG analyses of the metal complexes were performed in order to investigate their thermal stabilities for later experiments in the tube furnace. For Fe(DDT) 3 decomposition started at 209 °C and ended at 280 °C, with a DTG peak at 260 °C (Figure 1a ). For Ni(DDT) 2 decomposition was observed in the range from 266 to 376 °C and the maximum of DTG was at 349 °C, as described in the literature 26 for this metal complex (Figure 1b ). For Co(DDT) 2 the decomposition temperature was observed at approximately 348 °C (Figure 1c) , the temperature at which CoS is formed. 27 The maximum values of DTG obtained for the three materials showed that Fe(DDT) 3 is less thermally stable than the other two metal complexes. It implies that carbon materials prepared from this metal complex are expected to be formed at lower temperatures than the ones prepared from Ni(DDT) 2 and Co(DDT) 2 .
The synthesized CM were characterized by XRD. As displayed in Figures 2a-2c , the diffraction peaks observed at approximately 2θ 25.5° and 43.5° indicate the presence of graphite-like structures. 28 The multiphase nature of those samples explains the broad (002) line profiles. These asymmetric (002) peaks are consistent with carbon structures presenting different interplanar distances, <d 002 >, associated to the in-plane graphite-like lattice parameter, <a>. 29 This peak asymmetry is also associated to the presence of another peak in its left-hand side, assigned as γ in Figures 2a-2c , related to the packing distance of saturated carbon structures as discussed elsewhere for other carbon materials. 30 These (002) interlayer spacing of graphite, <d 002 > = 3.36 Å, 30 and are consistent with carbon structures presenting low degree of graphitization. The components assigned as "a" at the right-hand side of (002) peaks at 2θ = 29.90° and 30.80° for CMNi and CMCo, respectively, correspond to interplane distortions caused by high lattice strain, as described in theoretical studies in the literature. 31 XRD results show that CMNi and CMCo samples present a more pronounced γ peak indicating that for these samples more disorganized carbon phases are present. Metal carbide or sulfide peaks were not observed.
As discussed by Feret 32 for calcinated and graphitic cokes prepared at low temperatures, the degree of graphitization (DOG) can be estimated with more accuracy using a ratio of the normalized peak areas which are the contributions for (002) diffraction line. In these samples, the peak contribution in the left part of the peak shoulder, at smaller angles, is assigned to an ordinary calcined coke. The other peak contribution which is shifted to higher angles corresponds to the graphitic part of the coke material. For the obtained CM samples, the evaluation of DOG values of CM materials was difficult to perform due to the presence of more than two peaks in the (002) peak profile as discussed above, making this estimation inappropriate due to the overlapping of more than two peak areas in the g peak.
Raman spectra of the samples as well as the fitting results are shown in , respectively, and in all spectra 4 components were fitted. 33 These are the two main bands observed in the Raman spectra of carbonaceous materials. 34 D band is associated to the vibrations of carbon atoms with dangling sp 3 bonds for the in-plane terminations of disordered graphite. 35 G band is related to the vibrations in all sp 2 bonded carbon atoms in a two-dimensional hexagonal lattice, and it is assigned to a C-C E 2g stretching mode. 36, 37 A weak peak was observed at approximately 2700 cm -1 corresponding to the 2D band. 35, 38, 39 All spectra showed two low intensity bands at 1190 (D*) and 1500 cm -1 (D''). These bands have been reported in recent studies on spectra of carbon black, 40 graphene oxide 41 as well as disordered and amorphous carbon. 24 Some authors suggest that the presence of a D* band may be associated with the formation of sp 2 -sp 3 bonds in disordered carbonaceous materials, 40, 41 while D'' band may be related to the presence of amorphous carbon in the prepared samples. 40, 42, 43 Raman spectrum of CMFe (Figure 3a ) and a broad G band (1587 cm -1 ). The position of the G band at 1587 cm -1 is shifted compared to the one observed for ideal graphite, 1575 cm -1 . 39 In fact, for highly disorganized graphite materials the appearance of a band at 1620 cm -1 , with E 2g symmetry, called D' band, was observed. 44 According to Ferrari and Robertson, 24 this D' band can merge with the G band leading to its broadening, which is characteristic of highly disordered materials with small grain sizes. Then, the main signal observed near 1587 cm -1 in Raman spectra may also have the contribution of this D' band as described in the literature. 40, 43 Some authors also associate the appearance of this band with functionalization in the carbonaceous materials 44 and disordered graphitic materials. 36 For CMNi (Figure 3b ), the G band (1593 cm -1 ) is at higher wavenumber compared to the one of CMFe, indicating the presence of more distorted sp 2 -hybridized carbon rings. For CMCo, the G band is downshifted to 1587 cm -1 , the same value observed for CMFe. However, the I D'' /I G peak ratio, which is associated to amorphous carbon, calculated for the CMFe (I D'' /I G = 0.25), is lower than the ratio obtained for CMNi (I D'' /I G = 0.66) and CMCo (I D'' /I G = 0.32), which indicates that CMFe has a more wellorganized structure. 41 The high value of I D /I G peak ratio is commonly related to a larger number of structural defects and imperfections in carbon materials. I D /I G peak ratios calculated for CMFe, CMNi and CMCo were 1.09, 1.14 and 1.77, respectively. These values indicate a low degree of graphitization and are very similar to those ratios obtained for carbon nanotubes and nanofibers fabricated on tubular porous Al 2 O 3 by chemical vapor deposition. 45 The highest value of I D /I G peak ratio obtained for CMCo indicates the presence of highly disorganized structures. Raman results are in agreement with XRD data which showed that for CMNi (Figure 2b ) and CMCo (Figure 2c) , the γ peaks associated to a more disorganized carbon phases are more intense than the one observed for CMFe (Figure 2a) .
Raman spectra of CMNi ( Figure 3b ) and CMCo ( Figure 3c ) presented a broad band around 500 cm -1 , which is assigned to amorphous carbon. 46 Tuinstra and Koenig 39 established an equation to determine in-plane crystallite sizes (La) by using Raman data. Knight and White 47 derived an empirical expression to determine La values of different graphite systems using λ = 514 nm laser line and it was shown that the I D /I G ratio was strongly dependent on the laser energy. Recently, Cançado et al. 48 It is well known that catalytic graphitization process of carbonaceous materials can occur in the presence of different metals, and some transition metals such as Fe, Co and Ni are used to lower the temperature of graphitization. 49 Romero et al. 50 also showed that carbon nanotubes produced using Fe as catalyst present higher degree of graphitization than the ones produced with Co. For carbon materials in general, highly graphitized structures present high oxidation temperatures, however, XRD data showed that the low temperatures used in this work to obtain CM materials were unable to form highly graphitized structures. Thermal stability of CM structures were investigated by TG/DTG analyses ( Figure 4) . As can be observed in the DTG curves, the temperature range of thermal decomposition is wider for CMCo and CMNi compared to CMFe, which implies that the latter presents higher degree of structural order compared to the others. This fact is strongly supported by XRD and Raman results previously discussed. Some authors have emphasized the broadening of DTG peak of multicomponent carbon nanotubes 51 and graphitic carbon 52 due to the presence of different defects such as multishell graphitic particles and amorphous carbon. It is important to observe the asymmetry of the DTG peaks of CMNi ( Figure 4b ) and CMCo (Figure 4c ), which is probably related to the oxidation events of amorphous carbon phases. XRD results also showed that these two samples present higher amount of disorganized carbon phases which is assigned to γ component of (002) diffraction profile. In TG curves of carbon materials, the weight losses observed at low temperatures, usually between 200 and 400 °C, are associated to amorphous carbon. 53 Finally, it is important to emphasize that the lower oxidation temperature observed for the precursor Fe(DDT) 3 compared to Ni(DDT) 2 and Co(DDT) 2 , as previously discussed, should be responsible for the production of a more organized carbon material in this case. For the precursor Fe(DDT) 3 , the formation of the carbon structures starts at lower temperature, therefore, during the process of thermal decomposition of this metal complex there is a greater probability of formation of more organized structures compared to the other precursors.
The oxidation temperatures were determined as the inflection points in DTG curves. It was observed that CMFe showed the lowest value, 448 °C, compared to CMNi, 500 °C, and CMCo, 580 °C (Figure 4 ). Despite the fact that CMFe presents a more ordered structure compared to the others, as discussed for XRD and Raman results, it displayed the lowest oxidation temperature. It seems that for these materials the degree of particle aggregation plays a more important role than the degree of graphitization, which is very low as showed by XRD results. It has been shown in the literature 51, 54 that carbon materials with small particle size and low degree of particle aggregation tend to decompose at lower temperatures (250-450 °C) than highly aggregated materials. The lowest decomposition temperature displayed by CMFe could be associated with its low degree of particle aggregation compared to CMNi and CMCo, as will be discussed later for TEM results. It has been shown 51 that amorphous aggregates of particles with diameters higher than around 10 nm in singlewalled carbon nanotube (SWNT) or multi-walled carbon nanotube (MWNT) materials can oxidize at temperatures as high as 600 °C, which may be the case of CMCo and CMNi.
It is important to conclude by the analysis of XRD, Raman and TG results that Fe produces a better organized carbon structure than Ni and Co. As discussed in the literature, 50 carbon nanotubes prepared from Fe catalyst also displayed a high degree of crystallinity and density as well as small diameter tubes compared to those prepared with Co. The ability of those metals to form well-organized carbon structures is related to its catalytic activity for the decomposition and diffusion of hydrocarbon precursors on the active site. 49 SEM images obtained for the CM materials did not present many details of the particles morphology as can be observed in the image of CMFe (Figure 5a ). However, TEM images (Figures 5b-5g) clearly showed aggregates of spherical particles formed by graphitic segments as observed for carbon black and soot particles. 54 For all CM materials it was possible to observe in the low magnification TEM images (Figures 5c, 5e and 5g) , dark areas resulting from the superposition of concentric carbon structures. It is important to emphasize that CMNi (Figure 5e ) and CMCo (Figure 5g ) present a higher degree of aggregation than that observed for CMFe (Figure 5c ). Amorphous carbon could also be observed between the more graphitized structures in CMNi (Figure 5d , indicated by arrows), which according to the literature can be removed by oxidation in air. 55 TEM images of CMCo (Figure 5f ) showed hollow carbon structures (also indicated by arrows) as well as carbon nanoribbons.
The surface chemical composition of CM samples was determined by XPS measurements. Figures 6a-6c display C1s high resolution spectra which were fitted by Doniach-Sunjic function, 56, 57 considering the asymmetry of the C-sp 2 line shapes. O1s spectra (Figures 6d-6f ) were fitted by a Gaussian-Lorentzian curve-fitting method. 58 As shown in Table 1 , the surface carbon atomic concentration values determined for CMFe, CMNi and CMCo are 95.7, 97.1 and 95.9 at%, respectively. Similar values of oxygen atomic concentrations were determined for the three samples, ranging from 2.9 to 4.1 at%. A very low amount of nitrogen (1.2 at%) was detected for CMFe, probably N 2 gas was adsorbed at the surface. Surface amount of Fe, Co, Ni in the obtained CM materials is under the detection limit of XPS (around 0.1 at%), 59 which indicates that there are no encapsulated metal particles in the carbon structures as can also be observed in the TEM images presented above. These metal particles were probably removed from the hot zone of the tubular furnace by the gas used in the decomposition experiments. All samples present functionalized surfaces as could be observed after C1s peak fitting. CMNi presents the highest amount of superficial C-sp 2 , 54.6 at%. Oxygen containing chemical groups such as carbonyl (C=O), hydroxyl (COOH) and C-OH were detected in all studied samples, but it is important to point out that CMNi and CMCo samples presented the highest degree of surface functionalization, approximately 11.6 and 18 at%, respectively, resulting from a sum of the at% of all oxygenated chemical functions. 60 The use of carbon materials as electrodes in a supercapacitor is limited to the presence of pores, in this material, available for the electrolyte ions. 61, 62 For solvated electrolytes, the pore size at the electrode should be large enough to allow the ions to be accommodated.
In order to investigate the porosity of CM samples, nitrogen gas sorption experiments were carried out and the obtained isotherms are shown in Figure 7a . The isotherms were classified as type II, typical of materials with small adsorbate-adsorbent interaction potentials. The hysteresis loop was observed in all isotherms, and the shape is characteristic of materials with uniform mesopores. 63, 64 The hysteresis loops extended from P/P 0 = 0.33 to 0.96 and P/P 0 = 0.30 to 0.97 for CMNi and CMFe, respectively. However, for CMNi, the high volume of N 2 adsorbed until P/P 0 = 0.2 indicates the presence of micropores (pores with size smaller than 20 Å).
The large slope observed on the hysteresis curve of CMFe for values of P/P 0 greater than 0.90 indicates the presence of large amount of mesopores and macropores.
The pore structure parameters obtained for the CM materials are summarized in Table 2 . The largest specific surface area, S BET , was observed for CMNi, 277 m 2 g -1
.
S BET values obtained for CMFe and CMCo, 52 and 71 m 2 g -1 , respectively, are very low compared to the one of CMNi. These S BET values are low compared to the ones described in the literature for hollow carbon nano-onions. 65 The average pore size values of CMNi and CMCo, 80 and 66 Å, respectively, were significantly lower than the value of CMFe, 336 Å. CMNi showed the highest average pore volume, V p , 0.55 cm 3 g -1
, however, with pore diameters smaller than determined for CMFe. Pore size distributions (PSD) curves ( Figure 7b ) were calculated using density functional theory (DFT) model for gas sorption data, which was used to define the PSD in porous activated carbon. 66 As can be seen in the PSD curve of CMFe the majority of pore radii ranges from 10 to 18 nm, indicating a high degree of mesoporosity. For CMNi a large volume of pores with 4 nm radius was observed, which is characteristic of materials containing micropores. PDS curve of CMCo indicated that this material presented the lowest volume of pores, 0.12 cm 3 g -1 (Table 2) . It is possible to conclude from N 2 adsorption data that CMNi presented the largest surface area and its structure shows only micropores, while CMFe is a mesoporous material with a lower surface area than the former.
As discussed in the literature, 66 non-rigid porous materials are formed by assemblages of individual particles, and they may be referred to as aggregates. These particles can not only present internal (or intraparticle), but also interparticle voids. Internal pores will be smaller, in size and in total volume, than the interparticle voids. As could be observed in TEM images, porosity of these materials seems to be associated with interparticle voids rather than intraparticle, hollow carbon structures were observed only for CMCo (Figure 5f ).
Cyclic voltammetry curves (CV) obtained for the CM samples in KOH aqueous solutions (Figure 8 ) present hysteresis behavior typical for capacitors charge/discharge processes. The reduction of the scan rates leads to a decrease of the CV area and the curves show an almost rectangular shape due to an increase of the double layer formation period. The reduction peaks corresponding to the oxygen reduction reaction (ORR) were observed for potentials below -0.2 V and these cathodic peaks shift to higher potentials with decrease of scan rates. The ORR is reported to occur in alkaline medium in graphite electrodes through two different mechanisms, one less efficient, which involves the formation of peroxide intermediate, and another, more efficient, is a direct mechanism which involves 4 electrons 65 ( Figure 8 ). The specific capacitance is usually higher at low voltage scan rates for porous materials. The charge/discharge effects occur by H + and OH -diffusion process from the electrolyte solution to the electrode surface. High scan rates demand high ion diffusion and migration processes, thus these species do not have time to accumulate at surface of the electrode exhibiting a more resistive behavior. 67 The voltammograms obtained in H 2 SO 4 aqueous solutions ( Figure 9 ) also showed hysteresis behavior. For CMNi (Figure 9b ) and CMCo (Figure 9c ), reduction peaks were observed in the cathodic curves. These peaks have been reported in many studies regarding the electrochemical performance of carbon materials 65, 68, 69 and are associated with redox reactions of oxygen functional groups and with H + adsorption on these groups. Some authors 70, 71 have proposed the following reactions for these processes:
where > is the surface of the carbon material and // is the adsorption interface between H + and the oxygen functional groups.
As both processes take place simultaneously during voltammetry measurements, the shape of voltammetry curves will depend on the electron transfer mechanisms for each material. As observed from XPS results, both CMNi and CMCo presented a higher concentration of oxygen functional groups in which the carbon atom presents high oxidation number (C=O and COOH), while CMFe exhibited mainly C-OH functional groups. Thus, the redox reactions are more likely to be present in CMNi and CMCo samples while the C-OH groups in CMFe might interact with H + ions without promoting electron transference. The specific capacitance values (C S ) for the obtained CM materials were calculated by the equation: (4) where i, ΔE and m are the capacitive current, the potential range and the CM mass deposited on the electrode surface, respectively. It is possible to observe in Figure 10 that as the potential scan rate decreases the specific capacitance increase due to the increase of the available surface area rising under limited ion diffusion. As can be seen in Table 3 , the C S values obtained in acid medium are approximately 3 times greater than in alkaline electrolyte due to the smaller effective thickness of hydrate shells around HSO 4 -anions compared with the ones around OH -anions. 72 The highest C S value was obtained for CMFe in acidic medium, 59 F g -1 (Table 3) . However, for activated porous carbon, the C S values can exceed 300 F g -1 in aqueous electrolytes. 73 As pointed out before, the distribution of pore sizes and/or constrictions at the entrance of the pores leads to significant changes in the C S values, as described in the work of Pohlmann et al., 74 who investigated the effect of pore accessibility and surface area of activated carbons for ionic liquids used as electrolytes in supercapacitors. As discussed for the PSD curves obtained from nitrogen gas sorption experiments, CMFe presented the highest C S value observed in H 2 SO 4 , compared to CMNi and CMCo. In this case, the electrolyte solvate, the SO 4 2-ion, can easily access the CMFe mesopores. The lower C S value observed for CMNi, compared to CMFe, was due to the presence of only micropores in its structure, which are not accessible for electrolyte ions, despite its large surface area. Besides, CMFe presented the highest graphitization degree, as observed from XRD and Raman results, which led to its improved electronic conductivity, contributing to the higher specific capacitance displayed by this material. The C S value obtained for CMCo, 46 F g -1 , was lower than the one of CMFe, 59 F g -1 , but higher than the one of CMNi, 25 F g -1 (Table 3) . The values of C S obtained in basic medium, 12-14 F g -1 , are approximately the same for all the studied samples, indicating that the OH -electrolyte has equal access to micro and mesopores.
Several carbon-based materials have been reported in the literature for applications in supercapacitors. 17, 75, 76 For carbon nanotubes and similar materials, the specific capacitance in aqueous electrolytes ranges from 50 to 100 F g -1 , which is in good agreement with the results displayed by the materials in this work. Although many studies present the synthesis of carbon materials with much higher capacitance values, like induced verticalaligned carbon nanotubes and polyaniline nanocomposites (403 F g -1 ), 77 reduced graphene oxide films using a standard LightScribe DVD optical drive (276 F g -1 ) 78 and random single walled nanotubes networks (180 F g -1 ), 79 the synthesis procedures of these carbon materials mostly show great difficulties to scale up the production for commercialization of supercapacitors. Therefore, the major advantage of preparing organized carbon materials using the method described in the present study is the higher scalability that it offers when compared to other preparation techniques from the literature. 
Conclusions
Carbon materials were obtained in this work using low working temperatures, 700 °C, and organometallic precursors which worked as catalysts and carbon source. The obtained materials did not present high degree of graphitization as was observed in XRD data. According to XRD, Raman and TG results, CMFe material showed the highest degree of structural organization compared to CMNi and CMCo. XPS data showed that both CMNi and CMCo presented a higher concentration of oxygen functional groups in which the carbon atom presents high oxidation number (C=O and COOH), while CMFe exhibited mainly C-OH. This explains the redox reactions involving oxygen containing carbon groups observed in the voltammograms of CMNi and CMCo. The absence of encapsulated metals in these materials, as confirmed by the XPS data, is an advantage compared to other methods using metal catalysts. Nitrogen adsorption measurements showed that the samples presented low values of specific surface area, in the range of 277 to 52 m 2 g -1 . The porous size distribution curves showed that the CMNi and CMCo materials present microporous and the CMFe is formed by mesopores. The highest specific capacitance value obtained for CMFe in acidic medium, 59 F g -1 , was associated with the presence of mesoporous which are accessible for electrolyte ions, despite its low surface area.
